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cientists at INL have

experience in the biore-

mediation of explosives
including vadose zone soils at
historical explosives testing
areas and training ranges,
liquid streams from industrial
processes, and groundwater
remediation. The expertise
begins with the site charac-
terization and remediation of
explosives testing areas and
training ranges, where reme-
diation is confounded by the
presence of particulates and
larger chunks of the explo-
sives.

A number of biotreatment
strategies and systems for
remediating explosives-con-
taminated soils have previ-
ously been proven effective
on screened soils or soils
devoid of sizeable explosive
particles. In contrast, solid
explosive chunks within a soil
matrix such as those present
at INL, constitute a major
problem in the bioremedia-
tion of a contaminated site.
Complete biodegradation of
a solid chunk of TNT in soil
is difficult to achieve because
little of the contaminant is

available to microorgan-

isms which degrade it (TNT
is soluble in water at 100 to
200 pg/mL). A pretreatment
which renders the soil/chunk
explosive matrix amenable

to conventional biotreatment
technologies has been devel-
oped at INL. We are currently
refining the systems necessary
for integrating the physical/
chemical pretreatment with
the appropriate modifications
of proven biotreatment tech-
nologies such as composts or

Continued next page

Air Column

20 —— —— HMX
e y————— —=— RDX
£ —&— TNB
e for —-4-— Initial HMX
x
= 5F = = = |nitial RDX

0 S S S G ——— T Initial TNB

0 5 10 15 20 25 30 35 40 45

Depth from top (inches)

Ethanol Column

IX] (ppm)

HMX
RDX
TNB
Initial HMX
Initial RDX
Initial TNB

0 25 50 75

Time (days)

100 125 150 175 200 225

n-Propyl Acetate Column

[x] (ppm)

0o 5 10

HMX
RDX
TNB
Initial HMX
Initial RDX
Initial TNB

15 20 25 30 35 40 45
Depth from top (inches)

Columns contained
contaminated soil from

the DOE Pantex facility

and received gas-phase
remediation treatments

over time. After 225 days

of continuous down flow of
gases, the columns were
sectioned and the soil
explosives quantified. The
gas flowed downward at a
linear velocity of 1 cm/min, the
same as the average flow rate
estimated in the field site.



BIOLOGICAL SYSTEMS

T —

For more information

Technical Contacts

Frank F. Roberto, Ph.D.
(208) 526-1096
Francisco.Roberto @inl.gov

Brad Blackwelder, M.S.
(208) 526-3250
D.Blackwelder@inl.gov

Management Contact

Don Maiers
(208) 526-6991
Donald.Maiers @inl.gov

www.inl.gov/biologicalsystems

A U.S. Department of Energy
National Laboratory

Continued from front

soil bioslurries. Because the
degradation of explosives has
been shown to be dependent
on a variety of environmental
criteria including redox poten-
tial, pH, available electron ac-
ceptors, and electron donors,
site-specific testing continues
to be a necessary first investi-
gative step towards remedia-
tion of a particular facility.

Explosives in
aqueous waste
streams

We have also developed an
immobilized cell bioreactor
system capable of degrading
2,4,6-trinitrophenol (picric
acid) in an aqueous waste
stream. The reactor uses a
degradation pathway in which
picric acid (as picrate) is

the main carbon and energy
source. The resulting system
degrades picrate completely,
as evidenced by stoichiometric
nitrate release. After a series
of reactor optimizations, the
process handles up to 4,000
ug/mL picrate with a residence
time of 1.5 days. The system
is currently being scaled up for
application at a small remote
hazardous waste site.
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